„ UK Patent Application (19 ,GB «,„ 2 078 038 A 



(21) Application No 8116750 

(22) Date of filing 1 Jun 1981 

(30) Priority data 

(31) 8017985 

(32) 2 Jun 1980 

(33) United Kingdom (GB) 
(43) Application published 

23 Dec 1981 

(51) INT CL 3 
H03D 7/14 7/18 

(52) Domestic classification 
H3T2RX2T3F3XFX 

(56) Documents cited 

GB 2030806 A 

GB 1550833 

GB 1496646 

GB 1459760 

GB 1063120 

GB 1574159 

Equivalent to 

DE 2720525 A 

FR 2350728 A 
(58) Field of search 

H3F 

H3T 



(71) Applicants 

The General Electric 
Company Limited, 
1 Stanhope Gate, 
London W1 A 1 EH. 

(72) Inventors 
Kenneth Wilson 

(74) Agents 

M.B.W. Pope Esq., 

Central Patent 

Department, 

The General Electric Co. 

Ltd., 

Hirst Research Centre, 
Wembley, 
Middlesex HA9 7PP. 



(54) Superheterodyne receivers 

(57) A superheterodyne electric signal 
receiver for use at microwave frequen- 



cies and incorporating an image rejec- 
tion mixing arrangement is of such a 
fojrm jas toj ariilitntp fahri^ tir>n r>f *h A 
recei ver pre I.F. stages on one or m Qre 
s emiconductor chips. The mixing"* 
arrangement comprises first and^ 
second mixers (7, 9) whose outputs are 
A^mNn^d ?n * hyhrjH coupler (21 ) t o 
gffp rttlift rpguired image rejection . The 
mixers are provided with respective 
local oscillator inputs via respective 
ones of a first pair of amplifiers (15, 19), 
and with respective radio frequency 
inputs via respective ones of a second 
pair of amplifiers (3, 5). The local oscil- 
lator amplifiers are suitably R.C. cou- 
pled to avoid the need for bias chokes. 
Quadrature local oscillator inputs for 
the mixers are suitably provided by 
feeding the output of the local oscillator 
to respective resistive loads via sepa- 
rate paths, one inductive the other 
capacitive, to avoid the use of large X/4 
transmission lines to provide such 
quadrature signals. 
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SPECIFICATION 

Superheterodyne electric signal receivers 

5 This invention relates to superheterodyne signal 
receivers, more particularly such receivers for opera- 
tion at microwave frequencies and incorporating an 
image rejection mixing arrangement. 
The invention relates particularly to the stages of 
10 such a receiver preceding the I.F. amplification 
" stages, and has as an object the embodiment of at 
r least some of such stages in a form suitable for 
fabrication on a semi-conductor chip. 
According to the invention there is provided a 
15 superheterodyne signal receiver, for use at micro- 
wave frequencies, incorporating an image rejection 
mixing arrangement comprising first and second 
mixers whose outputs are combined in a hybrid 
coupler to effect the required image rejection, the 
20 mixers being provided with respective local oscilla- 
tor inputs by feeding the output of a local oscillator 
to the mixers via respective ones of a first pair of 
amplifiers, and the mixers being provided with 
respective radio frequency inputs by feeding the 
25 received radio frequency signal to the mixers via 
respective ones of a second pair of amplifiers. 

In such an arrangement the mixer inputs are 
isolated from one another by the reverse isolation of 
the amplifiers. Each said mixer thus behaves as a 
30 single-ended device enabling the mixers to be of 
simple form utilising field effect transistors or diodes 
as their active elements, thus facilitating fabrication 
of the arrangement on a semiconductor chip. 
In a receiver according to the invention said first 
35 pair of amplifiers are conveniently R.C. coupled 
amplifiers. 

This enables bias to be applied to the active 
elements of the first pair of amplifiers via resist- 
ances, thus avoiding the use of bias chokes which 
40 would use a relatively large chip area if the ampli- 
fiers were fabricated on a semiconductor chip. 

In a receiver in accordance with the invention 
either the local oscillator or signal inputs to the said 
mixers are, of course, required to be in quadrature. 
45 In one particular such receiver quadrature local 

* oscillator signals for use in the said mixers are 

* provided by feeding the output of the local oscillator 
to respective substantially resistive loads via sepa- 

. rate paths, one inductive and the other capacitive. 

50 This enables the required quadrature inputs to.be 
obtained without the use of relatively large elements 
e.g. X/4 transmission lines which would utilise a 
large chip area if the arrangement were fabricated 
on a semiconductor chip. 

55 In one such particular receiver in accordance with 
the invention said loads comprise the input impe- 
dances of respective field effect transistors con- 
nected in common gate configurations. Preferably 
each said common gate configuration transistor is 

60 followed by at least one common source configura- 
tion field effect transistor amplifying stage, the 
various transistor stages being preferably R.C. 
coupled. 

One superheterodyne receiver in accordance with 
65 the invention will now be described, by way of 



example, with reference to the accompanying draw- 
ings in which :- 

Figure 1 is a schematic diagram of the stages of 
the receiver preceding the intermediate frequency 
70 amplifier stage; 

Figure 2 \$ a circuit diagram of one of the stages of 
Figure 1 ; and 

Figure 3 is a diagram illustrating the operation of 
the stage shown in Figure 2 
75 Referring to Figure 1, in the receiver the received 
radio frequency (R.F.) signal is fed by way of a li miter 
1 to the inputs of two identical R.F. amplifiers 3 and 5 
whose outputs are respectively fed to two mixers 7 
and 9. 

80 The receiver further includes a local oscillator 1 1 
whose output is fed via an inductance 13 and an 
amplifier 15 to the mixer 7 and via a capacitance 17 
and an amplifier 19 to the mixer 9. 
The outputs of the mixers 7 and 9 are combined in 

85 a hybrid coupler 21, the input to the intermediate 
frequency (I.F.) stages (not shown) of the receiver 
being derived from one output of the coupler and a 
dummy load 23 being connected to the other output 
of the coupler. 

90 In operation, the R.F. inputs to the mixers 7 and 9 
are in phase while, as further explained below, the 
local oscillator inputs to the mixers are in quadra- 
ture. Hence, the wanted signal I.F. outputs produced 
by mixers 7 and 9 respectively differ in phase by 90° 

95 in one sense whilst the image signal I.F. outputs 
produced by mixers 7 and 9 respectively differ in 
phase by 90° in the opposite sense. 

In the hydrid coupler 21 the wanted signal inputs 
from the mixers 7 and 9 appear in phase and the 
1 00 image signals in antiphase at the coupler output 
connected to the I.F. stages, while the image signal 
inputs from the mixers appear in phase and the 
wanted signals in antiphase at the coupler output 
connected to the dummy load 23. The arrangement 
105 thus operates as an image rejection mixing arrange- 
ment. 

The quadrature local oscillator inputs are pro- 
duced by arranging that the amplifiers 15 and 19 
present equal resistive impedances R in series with 

110 the inductance 13 and capacitance 17 across the 

local oscillator output, the equivalent circuit network 
being shown in Figure 3. In such a network the 
voltages VA and VB across the resistances R are in 
quadrature at all frequencies; the input impedance 

115 Zin is equal to the resistance R at all frequencies; and 
the amplitude balance between the voltages VA and 
VB is within 0.5 dB over a 24% bandwidth. 

Referring to Figure 2, the required resistances R 
are provided by using field effect transistors 25 and 

120 27 connected in common gate configurations in the 
first stages of the amplifiers 15 and 19, Figure 2 
showing the signal circuits of the amplifiers only and 
omitting gate bias components. 
The outputs of the first stages of the amplifiers 1 5 

125 and 19 are R.C. coupled to respective two-stage R.C. 
coupled amplifiers employing field effect transistors 
29 to 35 connected in common source configura- 
tions. 

The common gate stages provide an input impe- 
130 dance very close to a pure resistance of value equal 
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to the reciprocal of the transistor mutuai conduct- 
ance over a very wide bandwidth. The common 
source configuration is chosen for the subsequent 
stages to provide the common gate stages with 
5 stable load impedances. 

Bias for the transistors of the amplifiers 15 and 19 
is conveniently applied to the drains of the transis- 
tors via their respective drain resistors 37, 39, 41, 43, 
.^^S^and^Xai^ : 
10 further resistors (not shown), thus avoiding the use 
of bias chokes. 

The R.F. signal amplifiers may be of any suitable 
conventional design providing good reverse isola- 
tion. 

15 The reverse isolation provided by the amplifiers 3, 
5, 15 and 19 allows the mixers 7 and 9 to operate 
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30 



their design and operating conditions for the best 
dynamic range. 

Furthermore, the quadrature related R.F. and local 
oscillator signals required for image rejection mixing 
are obtained without the use of conventional micro- 
wave phase shifters or filters which are difficult to 
fabricate in integrated circuit form. Moreover, the 
use of image rejection avoids image signal problems 
arising from noise generated in the R.F. amplifiers 
and allows sufficient local oscillator and R.F. amplifi- 
cation to be used to overcome the noise limitations 
of simple mixers. 

All this facilitates fabrication of the mixers 7 and 9 
in integrated circuit form using field effect transis- 
tors or diodes as the active elements without using 
complex technologies. 
The various above mentioned features thus enable 
35 the R.F. amplifiers 3 and 5, the local oscillator 

amplifiers 15 and 19 and the mixers 7 and 9 to be ail 
fabricated on one or more semiconductor chips, 
typically a gallium arsenide chip. The or each chip is 
suitably mounted on a ceramic substrate, and inter- 
connections and any less easily integrated compo- 
nents, e.g. component 21 , are fabricated using 
conventional thick or thin film technology. 

The limiter 1 and the I.F amplification stages can 
also be fabricated in integrated form, but as silicon 
rather than gallium arsenide devices due to the poor 
carrier lifetime and high noise at low frequency 
characteristics of gallium arsenide field effect tran- 
sistors. 
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3. A receiver according to Claim 2 wherein said 
R.C. coupled amplifiers utilise field effect transistors 
to which bias is applied via resistances. 

4. A receiver according to any one of the preced- 
70 ing Claims wherein quadrature local oscillator sig- 
nals for use in said mixers are provided by feeding 
the output of the local oscillator to respective 
substantially resistive loads via separate paths, one 

*^ \ 
75 5. A receiver according to Claim 4 wherein said, 
loads comprise the input impedances of respective" 
field effect transistors connected in common gate . 
configurations. 

6. A receiver according to Claim 5 wherein each 
80 said common gate configuration transistor is fol- 
lowed by at least one common source configuration 

■ i v>iv4 wnwui ti ui laioiwi mi i i y n iy gtayc. 

7. A receiver according to Claim 6 wherein the 
various transistor stages are R.C. coupled. 

85 8. A receiver according to any one of the preced- 
ing Claims wherein said amplifiers and said mixers 
are all fabricated on one or more semiconductor 
chips. 

9. A superheterodyne signal receiver substantiai- 
90 ly as hereinbefore described with reference to the 
accompanying drawings. 

Printed for Her Majesty's Stationery Office by Croydon Printing Company 
Limited, Croydon, Surrey, 1981. 

Published by The Patent Office, 25 Southampton Buildings, London WC2A 1AY 
from which copies may be obtained. 



***** 



50 CLAIMS 

1 . A superheterodyne signal receiver, for use at 
microwave frequencies, incorporating an image re- 
jection mixing arrangement comprising first and 

55 second mixers whose outputs are combined in a 
hybrid coupler to effect the required image rejection, 
the mixers being provided with respective local 
oscillator inputs by feeding the output of a local 
oscillator to the mixers via respective ones of a first 

60 pair of amplifiers, and the mixers being provided 
with respective radio frequency inputs by feeding 
the received radio frequency signal to the mixers via 
respective ones of a second pair of amplifiers. 

2. A receiver according to Claim 1 wherein said 
65 first pair of amplifiers are R.C. coupled amplifiers. 



